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Abstract 
By using statistical analysis on the input and output of agricultural production, the intensity change in cultivated land use 
in Shandong province is analyzed. The results show that the multiple-cropping index is declining in recent years, and 
labor intensity is decreasing sharply while capital intensity is rising rapidly. From 1980 to 2010, the average annual 
growth rate of net income of main crops in Shandong province is 6.4%. The average level of land productivity is higher in 
economic crops than grain crops while the average level of labor productivity is higher in grain crops than economic crops. 
Land productivity has an obvious acceleration on farmer labor productivity. This has an important reference value for 
sustainable utilization of cultivated land in Shandong province. 
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1. Introduction 
Cultivated land use change has become the focus of academic research with the increasingly prominent 
contradiction between human and land. Various researches are carried on concerning changes of cultivated 
land area and intensity as well as driving force [1]. Cultivated land resources are scarce in China. Both area 
variation and intensive utilization of cultivated land are important influencing factors to food security, while 
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the intensity change in cultivated land may endanger food security much more [2]. Shandong province is a 
major agricultural province. Along with the development of society and economy, a large number of 
cultivated lands are occupied permanently, resulting in the continuing decline of total cultivated land resources 
and per capita consumption as well as the shortage of reserve cultivated land resources. Moreover, the level of 
cultivated land use intensity is decreased continuously. Intensive use level of cultivated land is relevant with 
input intensity, utilization degree and utilization efficiency [3], but systematic and quantitative research on 
intensive utilization of cultivated land in Shandong province based on agricultural production input and output 
analysis is less. Therefore, in this paper, Shandong province is selected as the study area, the intensity changes 
in cultivated land use are analyzed by using statistical analysis on the inputs and outputs in the process of 
agricultural production. This has an important reference value for sustainable utilization of cultivated land in 
Shandong province. 
2. Materials and methods 
2.1. Data sources 
Data of cultivated area and sown area of crops are from the Statistical Yearbook of Shandong province [4] 
and the Rural Statistical Yearbook of Shandong province [5]. Data of labor intensity, capital intensity and 
output of cultivated land use are from National Agricultural Products Data Assembly [6]. 
2.2. Research methods 
Statistical analysis method is used to analyze the input and output in the process of agricultural production. 
In order to study the intensive use level of cultivated land, the research on the input variation in cultivated 
land use mainly adopts the indicators that can reflect the intensity level change including multiple-cropping 
index, labor intensity and capital intensity. The research on the output variation in cultivated land use mainly 
adopts the indicators that can reflect the cultivated land use intensity such as land productivity and labor 
productivity. 
3. Results analysis 
3.1. Change of multiple-cropping index 
The changes of multiple-cropping index from 1980 to 2008 in Shandong province are shown in Fig.1. 
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Fig. 1. Change of area of cultivated land, sown area of crops and multiple-cropping index in Shandong province from 1980-2008 
As shown in Fig.1, the multiple-crop index fell slowly from 1980 to 1982, and the cultivated land area was 
stable. Due to the increase of sown area of crops, the multiple-cropping index increased rapidly from 1983 to 
1999. Since 2000, the area of cultivated land was rising, but multi-cropping index decreased sharply, which 
illustrates that the cultivated land use intensity in Shandong province has reduced quickly during this period. 
3.2. Change of labor intensity 
In 2010, of all the grain crops, the sown areas of wheat and corn account for a large proportion of the sown 
areas of crops in Shandong province, which is 32.92% and 27.32% respectively. While of all the economic 
crops, the sown areas of peanuts and cotton account for 7.44% and 7.08% of the sown areas of crops 
respectively. So, wheat and corn are selected as the representative grain crops, peanuts and cotton are selected 
as the representative economic crops. 
The price of labor has a large spatial and temporal disparity, so the input of actual work days is used to 
measure the labor intensity (Fig.2). 
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Fig. 2. Change of labor intensity of main crops in Shandong province from 1980-2010 
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As shown in Fig.2, the average level of labor intensity of main crops drops from 33.45 days per mu (1 
mu=0.0667 ha) to 11.63 days per mu in recent 30 years, and the yearly descending rate is 3.46%. Labor 
intensity of cotton is kept at the highest level with the average work days of 39.07 days per mu. And the 
yearly descending rate of cotton is 2.69%, which is the least of all crops. Labor intensity of peanuts is much 
higher, with the average work days of 19.21 days per mu. Labor intensity of wheat and corn are lower with 
the average work days of 13.14 days per mu and of 13.18 days per mu respectively, and the yearly descending 
rate is much larger, which is 4.90% and 4.49% respectively. 
The labor intensity of grain crops is lower than economic crops, and the yearly descending rate of grain 
crops is larger than economic crops. This is mainly because the input of agricultural machines in grain crops 
production process reduces labor requirements. Moreover, farmers are more willing to input labors to the 
crops that can bring higher economic benefits. 
3.3. Change of capital intensity 
Due to the value patterns of index has relative unity than the material patterns of measurement, and it is 
easy to compare the input in different regions, so the value patterns of index is used to analyze the level of 
capital intensity (Fig.3). 
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Fig. 3. Change of capital intensity of main crops in Shandong province from 1980-2010 
As shown in Fig.3, the variation of capital intensity from 1980 to 2010 shows an increasing tendency, 
which is contrary to that of labor intensity. And the yearly growth rate is 7.84%. The average capital intensity 
of economic crops is 194.1 yuan RMB per mu, which is higher than that of grain crops (137.39 yuan RMB 
per mu). 
The composition of major capital input in Shandong province from 1980 to 2010 is analyzed (Table 1). 
Table 1. Change of capital input of main crops in Shandong province from 1980-2010 
 
Capital input type Input cost (yuan/mu·year) Average annual growth rate (%) 
Seed 1.85 8.94 
Fertilizer 4.14 8.94 
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Pesticide 0.87 8.62 
Machinery 2.33 14.47 
As seen from Table 1, the capital investment mainly includes the seeds of crops, fertilizers, pesticides and 
machinery. The average level of capital investment shows an increasing trend from 1980 to 2010. The cost of 
machinery is increased with the highest rate of 14.47%, showing that farmers replace labor input with 
machinery input which is labor saving with the improvement of science and technology. As an important 
input to increase production, the cost of fertilizer per mu each year is the largest, which amounts to 4.14 yuan 
RMB, though its average annual growth rate is only 8.91%. This indicates that farmers depend largely on 
fertilizers. 
3.4. Change of land productivity 
The output value of land productivity is measured by net income per mu of cultivated land use (without 
tax). The change of land productivity in Shandong province from 1980 to 2010 is shown in Fig.4. 
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Fig. 4. Change of land productivity of main crops in Shandong province from 1980-2010 
As shown in Fig.4, the variation of net income of main crops from 1980 to 2010 has an increasing 
tendency. The average annual growth rate of net income of main crops, wheat, corn, peanuts and cotton is 
6.4%, 10.06%, 8.60%, 8.38% and 5.45% respectively. The average land productivity of economic crops is 
251.24 yuan RMB per mu, which is higher than that of grain crops (124.47 yuan RMB per mu). The average 
annual growth rate of land productivity of grain crops is 8.8%, which is higher than that of grain crops 
(6.04%). This mainly because that the production increase of grain crops depend largely on the capital input 
rather than labor input. Net income per mu of cotton and wheat is lower before 2004, while after the 
agricultural tax relief, net income of farmer increases obviously. 
3.5. Change of labor productivity 
Variation of the value patterns of labor productivity can affect farmer’s decision on cultivated land use. Net 
labor productivity refers to the ratio of farmer’s net income per mu (without tax) to the work days. The change 
of labor productivity in Shandong province from 1980 to 2010 is shown in Fig.5. 
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Fig. 5. Change of labor productivity of main crops in Shandong province from 1980-2010 
As shown in Fig.5, from 1980 to 2010, the variation of labor productivity of main crops has increased 
rapidly. The average annual growth rate of net labor productivity of wheat, corn, peanuts and cotton is 
11.58%, 11.62%, 10.92% and 7.44% respectively. The average annual growth rate of grain crops is 14.28%, 
which is higher than that of economic crops (10.29%). This mainly due to the increasing labor saving input 
during grain crops production. Labor productivity rises obviously since 1992 owing to the investment of 
material capital and the agricultural tax relief in 2004. 
3.6. Comparison between land productivity and labor productivity 
The elastic analysis method is used to study the influence of land productivity to the change of labor 
productivity. Elastic coefficient is the ratio of percentage of the labor productivity change to percentage of the 
land productivity change. From 1980 to 2010, the increasing rate of labor productivity of main crops in 
Shandong province is higher than that of land productivity, and the elastic coefficient is 4.02. When land 
productivity increases 1%, labor productivity rises by 4.02%. This illustrates land productivity influences 
labor productivity obviously, while the effect of labor productivity on land productivity is relatively small. 
4. Conclusions and discussions 
The intensity change in cultivated land use in Shandong province from 1980 to 2010 is analyzed by using 
statistical analysis on the input and output of agricultural production. Both multiple-cropping index and labor 
intensity are declined sharply, while capital intensity is increased rapidly. Due to the improvement of science 
and technology, the material capital input gradually makes up the labor input shortage, and cultivated land use 
has transited from labor intensive to capital intensive. 
The average annual growth rate of net income of main crops is 6.4%. The average land productivity of 
economic crops is 251.24 yuan RMB per mu, which is higher than that of grain crops (124.47 yuan RMB per 
mu). However, the average annual growth rate of labor productivity of grain crops is 14.28%, which is higher 
than that of economic crops (10.29%). The elastic coefficient of average labor productivity to average land 
productivity is 4.02, so land productivity has an obvious acceleration to labor productivity. 
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